Introduction
Crop production will be affected by global warming, resulting in world-wide food shortages and starvation. Increased concentrations of carbon dioxide (CO 2 ), one of the main substances responsible for global warming, will promote plant growth through intensified photosynthesis. Some reports indicate that a rise in the levels of CO 2 would actually benefit plants, rather than harm them. The growth rates of C 3 plants increase in response to elevated concentrations of carbon dioxide. Thus, global warming might increase plant growth, because of higher temperatures and higher levels of atmospheric CO 2 . High atmospheric temperatures caused by elevated concentrations of CO 2 will induce heat injury and physiological disorders in some crops, which will decrease the incomes of farmers and agricultural countries. Photosynthesis is one of the most sensitive physiological processes to high temperature stress. Reproductive development is more sensitive than vegetative development to high temperatures, and heat-sensitivity differs among crops. In tomato, the optimal temperature for fruit set was reported as 21-24°C (Geisenberg and Stewart, 1986) or 22-25°C (Peet and Bartholomew, 1996) , while pollen viability and release are adversely affected by high temperatures, and become major limiting factors for fruit set. Thus, global warming can have opposite effects on plant growth. From a long-term viewpoint, however, high atmospheric temperatures will drive the main sites of crop production further north, establishing new rules for the 'right crop for right land'. Water shortages caused by global warming will be the greatest problem for crop production. Plants fundamentally rely on adequate fresh water, and agricultural water accounts for 70% of water use world-wide. As higher temperatures increase evaporation from water sources and decrease precipitation, arid regions will become further desertified. Particularly in semiarid regions, the cultivatable area will decrease because of drought, and this could result in famines and mass migration. As well, it is likely that there will be human conflicts over irrigation water and food. Global warming is thought to be related to strong hurricanes, cyclones, and typhoons. These extreme weather events can seriously damage crop production, and destabilize farm management and the lives of consumers. However, these agricultural problems are most likely to occur in the medium and long-term future. In this chapter, we summarize some of the agricultural problems and crop damage that result from global warming, and present some technical countermeasures (not political and administrative countermeasures) that could be used to ameliorate the effects of global www.intechopen.com Global Warming Impacts -Case Studies on the Economy, Human Health, and on Urban and Natural Environments 140 warming on crop production. We also discuss parthenocarpy and grafting as potential countermeasures.
Effects of global warming on plant growth

Carbon dioxide
Carbon dioxide is a key molecule for photosynthesis. In plants, photosynthesis occurs mainly in the leaves. The chemical reaction driven by solar energy involves the reduction of CO 2 through water to create carbohydrates and release oxygen. The resulting carbohydrates are used for plant growth, and provide the energy source for living things. Under 'normal' conditions, the atmospheric CO 2 concentration is very low. The photosynthetic reactions under high temperatures and high light intensities are limited by the CO 2 concentration, and the photosynthetic rate does not exceed a certain value. Because CO 2 is the limiting factor, an increase in its concentration significantly affects photosynthesis. In general, increased CO 2 concentrations temporary promote photosynthesis; however, the photosynthetic rate decreases over an extended period of exposure to high CO 2 concentrations. Photosynthesis is affected by various environmental conditions. In appropriate temperature conditions, the photosynthetic rate with the current CO 2 concentration of 370 ppm is strongly influenced by light intensity. Under low light conditions, the photosynthetic rate and the light saturation point are low, and so the CO 2 requirements are low. However, at higher light intensity, the photosynthetic rate and light saturation point are higher (Fig. 1) . Thus, CO 2 is one of the major environmental factors affecting plant growth along with light, temperature, and water. However, unlike other environmental factors, the CO 2 concentration in the atmosphere does not fluctuate with climate change. Apart from anthropogenic sources, natural causes of changes in the atmospheric CO 2 concentration include plants, which at high density can change the CO 2 concentration by 25%, and respiration of soil microbes, which can change the CO 2 concentration by 30% near the soil surface. In plants, the promotion of photosynthesis under high CO 2 concentrations results in increased dry matter production. This is known as the "CO 2 fertilizer effect", and it is used to promote crop growth in greenhouses and plant factories. This effect is more pronounced in C 3 crops, such as wheat, soybean, and rice, but less so in C 4 crops, such as maize, millet, and sugarcane. This is because the current atmospheric CO 2 concentration limits photosynthesis in C 3 plants, but not in C 4 plants because of their ability to concentrate CO 2 in the cells (Fig. 2) . If the concentration of CO 2 is doubled, the photosynthetic rate of many C 3 plants increases by 30-60%, but in most C 3 plants these promoted rates are temporary, and there are no promotion effects in the long term. Thus, it is thought that the changes in the photosynthetic apparatus or other photosynthetic factors that occur during short-term responses to increased CO 2 differ from those during long-term exposure to increased CO 2 . This phenomenon often occurs when photosynthetic production exceeds plant growth (Nakano et al., 1997; Makino, 1994) . (Rogers &Runion, 1994) .
The effects of CO 2 concentration on crop yield will become greater as the atmospheric CO 2 concentration increases. For many crops, the predicted yield increase in response to a 700 ppm CO 2 concentration is approximately 30%; specifically, a yield increase of 31% in wheat (Amthor, 2001), 29-35% in rice (Cock and Yoshida, 1973; Imai et al., 1985) 55% in soybean (Rogers et al., 1983) , and 50% in maize (Rogers et al., 1983) . However, the promoting effects will vary according to the specific nature of the plant and its sinks, e.g., seeds or bulbs. Even though photosynthesis in C 3 -type crops is generally inhibited by long-term exposure to high CO 2 concentrations, those that have separate organs to accumulate photosynthetic products appear to be unaffected. For example, inhibition of photosynthesis in crops such as radish and potatoes has not been observed (Sage et al., 1989; Usuda and Simogawara, 1998) . Also, if water and mineral nutrients become limiting factors, the promoting effects of increased CO 2
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Temperature
Crop germination and growth rely on optimal temperatures during the period of greatest growth rate. Therefore, non-optimal temperatures slow the growth rate or stop growth altogether. The limiting temperatures for growth are minimum and maximum temperatures, and these vary among crops (Table 1) , crop varieties ( Table 2, Prasad et al., 2006) , and among different growth stages in the same crop. In particular, temperature strongly affects crops during their reproductive period, from pollen formation to fertilization (Table 3 ). Low or high temperatures during this period can prevent crop fertilization and cause seed abortion. Table 2 . Effects of ambient temperature (AT) and high temperature (ambient +5 o C, HT) on vegetative biomass and grain yield of different rice cultivars (Prasad et al., 2006) . Table 3 . High temperature injury of crops (Yamazaki, 1985) .
Effect of high temperatures on crop production in different areas
The increase in temperatures resulting from higher concentrations of CO 2 in the atmosphere may inhibit or promote crop growth. Naturally, such climatic changes will directly affect agricultural production. It is anticipated that for moderate global average temperature increases (1-3°C) there will be an overall increase in global food production. Additional temperature increases, however, would result in an overall decrease in food (IPCC, 2007) . In low-latitude regions such as seasonally dry tropical areas, even moderate temperature increases (1-2°C) are likely to negatively affect major cereal crops, increasing the risk of famine. By the mid-21st century, crop yields in East and Southeast Asia may increase by up to 20%, while those in central and South Asia may decrease by up to 30% if the direct positive physiological effects of CO 2 are taken into account. Western New Zealand is likely www.intechopen.com
Global Warming Impacts -Case Studies on the Economy, Human Health, and on Urban and Natural Environments 144 to receive more rain, but large areas of mainland Australia and eastern New Zealand are likely to have less soil moisture. Therefore, the increased drought and frequency of fires could decrease crop production. In North America, it is predicted that there will be climaterelated yield increases of 5-20% over the first decades of the century, with overall positive effects of climate persisting through much or all of the 21st century. However, crops that are currently growing in areas that are close to their climate thresholds (e.g., wine grapes in California) are likely to show decreases in yield and/or quality in response to even modest increases in temperature (Hayhoe et al., 2004; White et al., 2006) . In drier areas of Latin America, climate change is likely to lead to salinization and desertification of agricultural lands, and therefore, food production and security will fluctuate. In some African countries, climate change could exacerbate erosion, and decreases in yields from rain-fed agriculture of up to 50% during the period from 2000 to 2020 (Agoumi, 2003).
Effect of high temperatures on crop growth
Rice
In rice, seed abortion occurs when plants are subjected to temperatures above 35°C. When the average temperature exceeds 26-27°C at 20 days after ear emergence, grain filling and grain quality are decreased, and there are more immature grains.
Wheat
The number of wheat tillers decreases in response to high temperatures, especially high night-time temperatures. In such conditions, shoot elongation is promoted but there are more immature grains and decreased yields because of dark respiration. Moreover, unusually early panicle initiation caused by warm winters can increase the risk of frost damage.
Soybean
The growth of soybean decreases above 38°C, but soybean is relatively heat-tolerant. However, pollen viability was lower at day/night temperature conditions of 37/27°C than at 27/27°C, and the rate of pod setting at 32/27°C was lower than that at 27/27°C (Kitano et al., 2006) .
Tomato
At high temperatures, seedlings grow faster and the differentiation and development of flowers is also promoted. However, the rate of flower set decreases and flowers are of poor quality. High temperatures during flowering induce flower abscission, malformed flowers, and pollen sterility in tomato plants. High temperatures also result in poor flowering, poor fruit quality, and color disorders.
Cucumber
High temperatures result in faster seedling growth. However, the development of pistillate and bisexual flowers is suppressed, the node order of the flowers increases, and the number of flowers decreases. High temperatures inhibit flower differentiation and development, and result in smaller ovaries in pistillate and bisexual flowers.
Lettuce
Since lettuce is a cool-temperature crop, it is likely to be adversely affected by higher temperatures. Higher temperatures induce floral differentiation and flower stalk development in lettuce plants, both of which decrease yield and quality of the crop.
Carrot
Carrot is another cool-temperature crop, and so higher temperatures and drier conditions inhibit seed germination and plant growth. Moreover, high temperatures and wet conditions result in shorter, thicker roots. The major risk for carrots, however, is the predicted increase in disease damage in warmer, wet conditions.
Potato
The night-time temperature is important for formation of potato tubers. The optimum temperatures are 20°C days and 10-14°C nights, but almost no tubers form if night-time temperatures exceed 20°C. In warm, wet conditions, the stolon-formation period is shorter, the tubers are smaller, and the tuber quality is poor (e.g. some have hollow hearts).
Strawberry
Floral differentiation of strawberry is strongly affected by temperature and photoperiod. At low temperatures (5-10°C), flower buds form regardless of the photoperiod. At 11-15°C, flower buds can form, but only with increased light intensity under long-day conditions. At 16-26°C, flower buds form under a short-day photoperiod (less than 12-h days), and no flower buds form above 27°C. Therefore, high temperatures will delay floral formation and result in small fruits.
Weeds, harmful insects, and diseases
To achieve high yields, crops must be protected from pests, diseases, and weeds. Of the total cropping area worldwide, crop yield is decreased by 10-20% by weeds (Mirrabelli et al., 2005) . Many C 4 weeds are found in arable C 3 crops and many C 3 weeds in arable C 4 crops. Therefore, under high temperatures and increased atmospheric CO 2 concentrations, weed damage to arable C 4 crops in tropical and subtropical semiarid areas is predicted to increase. It is likely that global warming will result in pests and diseases that are currently found in low-latitude regions spreading to high-latitude regions. Bacteria and fungi are the main causal agents of plant diseases, and their optimal growth temperatures are approximately 25°C and above 30°C, respectively. Temperature also affects the growth of insects, with higher temperatures increasing their growth rate. Therefore, continued warming is expected to increase damage to crops from bacteria, fungi, and insects.
Water shortages, desertification, and tropical cyclones
As global warming progress, there will be increased evaporation from the earth's surface and from plants. Even a 1°C temperature increase would increase the amount of evaporation from the earth. As well, increased temperatures result in more concentrated, heavy rainfall, and crops show decreased rainfall use efficiency in such circumstances. Snowfall, which results in stored water resources, also decreases with higher temperatures, and snow melts more rapidly. Together, these factors could combine to increase drought in the major agricultural regions-the mid-latitude continents. This could significantly restrict the world's food supply. Desertification of dry areas is very likely to result from global warming. In dry areas, water moves from subsurface to surface layers of the soil. Therefore, when capillary water reaches the ground or irrigation water evaporates, the soluble salts that dissolved into the water in the lower layers are concentrated in the surface soil layer. As a result, salt accumulates at the soil surface, where it negatively affects or prevents plant growth. In dry regions, more water will evaporate as temperatures increase, turning these areas into deserts. Desertification decreases the amount of vegetation, reducing CO 2 absorption by plants, and further progressing global warming. The area of the world's deserts is expanding by 60,000 km 2 each year, and the desertification of humid and semi-arid areas and the dry sub-humid areas used to cultivate wheat and other grains could cause a serious food crisis. Strong tropical storms, hurricanes, typhoons, and cyclones severely damage farmland. The numerous tropical storms in recent years are thought to be a result of global warming. Theoretically, the increase in the number of strong tropical storms is because of increased evaporation-the energy source for tropical storms-due to the rise in the temperature of the ocean's surface (Emanuel, 1987) . Walsh (2004) indicated that the tropical cyclone intensity will increase by 5-10% around 2050, along with increased peak rainfall rates of approximately 25%. More recent climate model predictions are that the number of cyclones will decrease by approximately 30% under global warming, but their duration will be longer (Oouchi et al., 2005) . Therefore, low-lying areas could be at high risk because of longer tropical storms and increased sea levels.
Countermeasures
Some strategies to ameliorate the effects of global warming on food production include the development and use of heat-tolerant varieties, appropriate nutrient and water management, coordination of growing periods, and control of pests and diseases. In particular, pest/disease control and the use of heat-tolerant crops are thought to be the most promising approaches. Soybean is sensitive to drought, and so adequate irrigation must be provided when its evapotranspiration rate increases in response to higher temperatures. Although wheat is relatively drought-tolerant, water shortages in dry areas are a concern, so efficient irrigation techniques, e.g. drip irrigation, should be used. The male sterility that results from high-temperature injury decreases the yields of wheat and maize, but treatment with the plant hormone auxin can restore fertility ( Fig. 4 ; Sakata et al., 2010) . Fig. 4 . Effects of exogenous auxin on high temperature injury of pollen developments in barley. A population of mature pollen grains were recovered from anthers after all auxin applications testeed. (Sakata et al., 2010) .
For leafy crops, mulching and shading are useful techniques to prevent increases in the soil temperature. For fruit crops, useful techniques include the use of various materials to shade and heat-shield trees, and coordination of the growing period. A night-chilling treatment is a useful countermeasure to induce floral differentiation of strawberry. For crops in protected cultivation, the combination of heat pumps, evaporative cooling, air ventilation, and shading can achieve optimum growth conditions. Rootstock Desination NaCl ( Results as means±S.E. (n = 6). Means within each column followed by different letters are significantly different according to the LSD test (P≤0.05).
Parthenocarpy
Fruit develops from the ovary, which itself develops in response to plant hormones that are produced by seeds formed after fertilization. Fertilization is the fusion of pollen (formed in the anther) and the ovule (formed in the ovary). However, because pollen is temperaturesensitive, high temperatures during pollen formation induce male sterility. If global warming proceeds at the current rate, fruit production could be affected in fruit and vegetables that require fertilization. Parthenocarpy is the natural or artificially induced production of fruit without fertilization of ovules, so this is a promising strategy for fruit production under global warming. Natural parthenocarpy involves using varieties that have parthenocarpic genes, while artificial parthenocarpy is induced by hormone treatment. Examples of parthenocarpy include the production of seedless grapes using GA treatment, and tomato, eggplant, and cucumber production using auxin treatment. Crops in which natural parthenocarpy is exploited include oranges, pineapple, banana, tomato, eggplant, and cucumber. In general, parthenocarpic fruit trees are propagated by vegetative propagation and parthenocarpic vegetables are propagated by F 1 seeds. Therefore, the use of parthenocarpic vegetables is limited because few seeds are formed in these vegetables. Recently, a method was reported to enhance seed production in parthenocarpic tomato fruits (Fig. 5; Johkan et al., 2010) . This method can be applied to other crops, and therefore, it may allow more extensive use of parthenocarpic fruits in the future.
Grafting
Grafting is the vegetative propagation of fruit trees, but in Japan, it has also been used to avoid injury by continuous cropping of vegetables and soil pests and diseases. Vegetable fruits that can be grafted include cucurbits such as melons, watermelon, and cucumber, and (Johkan et al., 2010) .
solanaceous species such as tomato and eggplant. Grafting can give the characteristics of the rootstock to the scion. Some rootstocks will be more tolerant to adverse environmental conditions. In particular, grafting scions to rootstock with high drought-or heat-tolerance can increase growth and yield under high temperatures (Fig. 6 , Rivero et al., 2003) . In addition, crops that are not salt tolerant can be cultivated in saline areas if grafted onto salttolerant rootstock. As mentioned above, grafting is an effective countermeasure for crop production without the need to breed lines that are tolerant to heat or drought. . Effect of grafting on growth of tomato shoots at high temperature (Rivero et al., 2003) .
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Vegetative propagation
The use heat-tolerant cultivars are an effective countermeasure against global warming. Breeding of heat-tolerant varieties is required if there are no suitable varieties for the local area. However, propagation by seeds requires genetic fixation, which is a lengthy process. In contrast, vegetative propagation does not require genetic fixation, so it can be used for rapid release of pathogen-resistant or desirable cultivars. One disadvantage of vegetative propagation is that it is less efficient than seed propagation. However, an in vivo mass propagation method was recently reported for tomato. This method markedly increased the multiplication rate (Johkan et al., 2008) , and could be applied to other plants. As mentioned above, if immediate action is required to ameliorate the effects of global warming, vegetative propagation may be one effective method.
Conclusion
The effects of global warming on food production are complex, and are a combination of increased CO 2 concentrations in the atmosphere, higher temperatures, fluctuations in rainfall and solar radiation, and pests and diseases. The 'fertilizing effect' of elevated CO 2 concentrations on crop yields will decline slightly because of the negative effects of rising temperatures. Particularly in developing areas with undeveloped agricultural technologies, there is a high risk that a hotter, drier climate will negatively affect crop production. In midand high-latitude regions, even a moderate increase in the global average temperature (1-3°C) could increase food production, but additional temperature increases would cause an overall decline in food production. In low-latitude regions, especially seasonally dry semitropical areas, temperature increases of only 1 or 2°C are likely to negatively affect cereal production because of drought. Although the effect of global warming on food production will vary among regions and crop types, it is anticipated global food production will decrease, and the North-South gap in food production will become greater than it is at present. Therefore, it is important to reexamine existing varieties, to introduce new varieties with increased tolerance to high temperatures and pests/diseases, and to improve methods of pest and disease control. Parthenocarpy, grafting, and vegetative propagation should also be considered as useful countermeasures against global warming. However, temperature strongly affects crop production, and the extent to which countermeasures can ameliorate the effects of global warming are limited. Global warming is a common problem for all people living on earth.
There is no doubt that to address the issue of global warming together is the most effective strategy to guarantee stable crop production. Agoumi, A. (2003 
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